The effect of muscle tone on passive range of motion (PROM) in affected joints and comparison joints on the unaffected side was investigated in 15 patients with flaccid paralysis hemiplegia. PROM was measured in the shoulder and hip in flexion, extension, abduction, adduction and internal and external rotation using the plastic universal goniometer. PROM in the elbow and knee was assessed in flexion and extension. Wrist PROM was measured in flexion, extension and radial and ulnar deviation. Additionally, ankle dorsiflexion, plantarflexion, eversion and inversion PROM were assessed. Decreased muscle tone significantly affected shoulder (p = 0.006), wrist (p = 0.032) and hip (p = 0.003) PROM. Significant differences between the affected and unaffected sides were found in shoulder PROM in extension (p = 0.014), adduction (p = 0.001) and internal (p = 0.034) and external rotation (p = 0.007). Wrist PROM was significantly different in flexion (p = 0.048) and extension (p = 0.001), and hip PROM was significantly different in abduction (p = 0.029), adduction (p = 0.012) and external rotation (p = 0.001). Surprisingly, although muscle tone had no influence on ankle PROM, there was a significant difference in ankle plantarflexion PROM (p = 0.013). In conclusion, in flaccid hemiplegia, decreased muscle tone affects the PROM in the shoulder, wrist and hip. Differences in PROM between the unaffected and affected side are evident in shoulder extension, adduction and internal and external rotation, wrist flexion and extension, hip abduction, adduction and external rotation, and ankle plantarflexion.
JOINT RANGE OF MOTION IN FLACCID HEMIPLEGIA

Introduction
Muscle tone is a physiological characteristic representing the resting level of tension in a muscle that prepares the muscle for a rapid and reliable response to voluntary or reflexive commands [1] . The tone is automatically generated by the impulse activity of the Ia afferents naturally exciting alpha motoneurons [1] . It is controlled by four neural structures. First, neurons are in the ventral horn of the spinal cord grey matter [1, 2] . Second, neurons have cell bodies that lie in the brainstem and cerebral cortex and extend into the corticospinal tract [1] [2] [3] . Third, the cerebellum exerts its control via the spinocerebellar tract [1] [2] [3] . And last, the basal ganglia regulate the activities of the brainstem and cerebral cortex [1, 2, 4] . Damage to interneurons, alpha moto-
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neurons and descending pathways causes changes in muscle tone [1] .
When muscle tone is decreased, joint stability is lost and joint range of motion increases. Most flaccid hemiplegic patients show shoulder subluxation [5] [6] [7] [8] [9] [10] . Glenohumeral joint subluxation occurs when shoulder joint and shoulder girdle stability are lost [11, 12] . In addition, stroke patients with shoulder subluxation have decreased shoulder external rotation range of motion from the evaluation at stroke onset to that 6 months after the stroke [13] . Likewise, in paraplegic patients with flaccid paralysis, hip dislocation easily happens in passive hip adduction and extension [14, 15] .
Muscle tone seems to influence joint range of motion and stability [13] [14] [15] . In addition, it has been assumed in the clinic, without any evidence, that flaccid hemiplegic patients have increased range of motion in the affected side. The present study tested the hypothesis that decreased muscle tone causes a significant difference in joint motion range compared to normal muscle tone. The purpose of this study was to determine the effect of muscle tone on joint range of motion, and to compare each direction of joint range of motion on the unaffected side with that of the affected side in flaccid hemiplegia.
Materials and Methods
Subjects
First acute stroke patients who consulted for physiotherapy participated in the study. Subjects had good consciousness, a stable cardiovascular system, flaccid muscle tone, were unable to move, and had never had any passive movement on the affected upper and lower extremities. In addition, they had never had any upper and lower limb surgery. In the affected upper and lower extremities, muscle tone was graded 0 according to the modified Ashward Scale [16] , and deep tendon reflexes were graded 0 or 1+ [17] . In the unaffected upper and lower extremities, muscle tone was normal and deep tendon reflexes were graded 2+. Subjects gave written consent after they were informed about the nature of the study and what would be done.
Methods
The muscle tone of all muscle groups in the upper and lower limbs of the unaffected and affected sides was examined by passive manual stretch. Muscle tone was assessed and deep tendon reflexes in the pectoralis major, biceps brachii, triceps brachii, brachioradialis, quadriceps femoris and gastrosoleus muscles were examined.
The following subject characteristics were recorded: age, gender, handedness, brain lesions, affected limb side, date of stroke onset, and date when passive range of motion (PROM) was measured.
The PROM in both the unaffected and affected shoulder, elbow, wrist, hip, knee and ankle joints was measured by only one examiner throughout the study, using the plastic universal goniometer (Sammons Preston Rolyan, Mississauga, ON, Canada). Shoulder PROM was measured in six directional movements: flexion, extension, abduction, adduction, internal rotation and external rotation. Elbow PROM was measured in two directions: flexion and extension. PROM in four movement directions in the wrist joint were measured: flexion, extension, radial deviation and ulnar deviation. Hip PROM was measured in six movement directions: flexion, extension, abduction, adduction, internal rotation and external rotation. Knee PROM was measured in two directions: flexion and extension. Ankle PROM was measured in four directional movements: dorsiflexion, plantarflexion, eversion, and inversion. The subject positions for each direction of PROM measurement as well as the alignment of the goniometer are shown in Table 1 . Subjects were given full support in each position and instructed to relax during PROM measurement.
To obtain PROM in each direction of joint motion, each joint was moved in the full range of that motion. At the same time, another examiner measured the range of motion according to standardized measurements [18] . Throughout the study, the examiner who moved each joint was the only one who did the joint movement, and the examiner who measured the range of motion was the only one who performed the measurement. To avoid frequent positional change, PROM was first measured with patients supine and then lying on their side, for both the unaffected and affected sides. In both positions, PROM was assessed in the upper extremity joints before the lower limb joints.
Statistical analysis
The influence of muscle tone on PROM in the shoulder, elbow, wrist, hip, knee and ankle was determined using multivariate analysis of variance (MANOVA). In addition, the influence of muscle tone on PROM in shoulder flexion, extension, abduction, adduction and internal and external rotation, elbow flexion and extension, and wrist flexion, extension and radial and ulnar deviation was determined for the unaffected and affected sides. The influence of muscle tone on PROM at hip flexion, extension, abduction, adduction and internal and external rotation, knee flexion and extension, ankle dorsiflexion, plantarflexion, eversion and inversion was also determined for the unaffected and affected sides. A p value of less than 0.05 indicated a significant influence of muscle tone on PROM in the joints and a significant difference in each direction of joint PROM between the unaffected and affected sides.
Results
Subject characteristics
Fifteen flaccid hemiplegia patients (6 females, 9 males) aged between 24 and 88 years (mean ± SD, 62.8 ± 18.3 years) were included in the study. Four were younger than 60 years (24, 30, 46 and 52 years). Six subjects had deep tendon reflexes of 0 and nine subjects of 1+. Strokes had occurred between 3 and 16 days (8.3 ± 3.7 days) before PROM measurement. One subject was left-handed whilst the others were right-handed. Nine subjects had a right brain lesion; eight were affected on the limbs opposite to the dominant side while only one was affected on the dominant side. Six subjects had a left brain lesion, all of whom were affected in the dominant limbs. 
Shoulder joint
Muscle tone significantly influenced PROM in the shoulder (p = 0.006). There was no difference in PROM between the unaffected and affected shoulder in flexion (158.1° vs 161.6°; p = 0.415) and abduction (163.4° vs 168.8°; p = 0.262) ( Table 2 ). However, mean PROM in shoulder extension on the affected side (67.7°) was significantly greater than that on the unaffected side (55.5°; p = 0.014). In addition, mean PROM on the affected side (33.3°) was significantly greater than that on the unaffected side (24.0°; p = 0.001). There was a significant difference in internal rotation PROM in the affected shoulder (96.3°) compared to the unaffected shoulder (85.1°; p = 0.034). Moreover, mean PROM in external rotation in the affected shoulder (97.3°) was significantly greater than that in the unaffected shoulder (82.8°; p = 0.007).
Elbow joint
At the elbow joint, muscle tone had no significant effect on PROM (p = 0.869). There was no difference in PROM between the sound and affected sides in elbow flexion (unaffected side, 143.7 ± 6.6° vs affected side, 144.9 ± 7.4°; p = 0.643) and extension (unaffected side, 1.2 ± 3.5° vs affected side, 1.6 ± 3.1°; p = 0.744).
Wrist joint
Muscle tone had a significant effect on wrist PROM (p = 0.032). Wrist flexion PROM was significantly greater in the affected wrist (82.7°) than in the unaffected wrist (75.9°; p = 0.048) ( Table 3 ). In addition, wrist extension PROM in the affected limb (89.3°) was significantly greater than that on the unaffected side (79.4°; p = 0.001).
There was no significant difference in wrist radial deviation PROM between the unaffected (19.9°) and affected sides (22.9°; p = 0.346). Similarly, there was no significant difference in ulnar deviation PROM between the unaffected (31.5°) and affected wrists (33.3°; p = 0.557).
Hip joint
Muscle tone had significant influence on hip PROM (p = 0.003). There was a significant difference in hip abduction PROM between the affected (45.6°) and unaffected sides Ankle (37.3°; p = 0.029) ( Table 2) . Additionally, the adduction PROM in the affected hip (29.4°) was significantly greater than that in the unaffected hip (22.3°; p = 0.012). Hip external rotation PROM on the affected side (58.3°) was significantly greater than that on the unaffected side (43.9°; p = 0.001). No difference in PROM was observed between the unaffected and affected hip in flexion (122.5°v s 126.4°; p = 0.584) or extension (16.5° vs 18.8°; p = 0.524). Similarly, there was no significant difference in hip internal rotation PROM between the unaffected (23.3°) and affected side (28.5°; p = 0.063).
Knee joint
Muscle tone had no significant influence on any knee PROM (p = 0.947). There was no significant difference in knee flexion PROM between the unaffected (144.6 ± 8.8°) and affected sides (145.7 ± 10.1°; p = 0.760). Similarly, no significant difference was found in knee extension PROM between the unaffected (0.3 ± 1.3°) and affected sides (0.5 ± 1.8°; p = 0.818).
Ankle joint
There was no significant influence of muscle tone on ankle PROM (p = 0.0780). Ankle dorsiflexion PROM in the sound ankle (19.9°) was similar to that in the affected ankle (21.0°; p = 0.763) ( Table 3 ). In addition, no difference in PROM was observed between the unaffected and affected ankle in eversion (7.7° vs 9.5°; p = 0.407) or inversion (6.1° vs 6.7°; p = 0.627). However, there was a significant difference in ankle plantarflexion PROM between the affected (54.9°) and unaffected sides (43.7°; p = 0.013).
Discussion
One goal of physiotherapy during the acute stage of stroke is to maintain range of motion [19] . It has been clinically surmised that there is an increase in PROM in the flaccid muscle, particularly in flaccid hemiplegic patients. To our knowledge, this study is the first to report quantitative PROM data in flaccid hemiplegia. Additionally, the present study provides data that demonstrate significant differences in PROM in each direction of joint motion between the unaffected and affected limbs, which indicates that clinicians need to be careful in excessive PROM exercise in certain joints and directions in flaccid paralysis patients. The results revealed that in acute stroke patients with decreased muscle tone, there were differences in PROM in the shoulder, wrist and hip but not the elbow and knee. Surprisingly, the decreased muscle tone did not significantly affect the ankle joint, although the plantarflexion PROM in the affected ankle was significantly different from that in the unaffected ankle.
In the shoulder, PROM was significantly different between affected and unaffected sides in extension, adduction, internal rotation, and external rotation, but not in flexion and abduction. Rotator cuff muscles consisting of supraspinatus, infraspinatus, subscapularis and teres minor muscles play a role in the stability of the glenohumeral joint. These muscles are the abductors and internal and external rotators of the humerus [20, 21] . In flaccid hemiplegia patients, they lose usual activity and thus cause the shoulder to lose stability [20, 22] . This may result in increased shoulder range of motion in adduction and internal and external rotation. Similar to the findings of Zorowitz [13] , expansion of the range of shoulder external rotation in the early stage of stroke was seen in the present study. The increase in extension PROM in the affected shoulder may be due to the loss of shoulder flexor activity, since eccentric contraction of the flexor muscles is a brake for shoulder movement in extension [20] . There was no difference in PROM in elbow flexion and extension between the unaffected and affected sides. This may have been because the coronoid process of the ulna limits elbow flexion in the terminal range of motion [20, 21] . In elbow extension, it is likely that the olecranon process of the ulna terminates elbow extension [21] . The elbow joint is considered a stable joint, with structural integrity and good ligament and muscular support [20, 21] . Our results indicate that there is no influence of muscle tone on elbow PROM in flaccid hemiplegia patients.
A decrease in muscle tone affects wrist flexion and extension. In flaccid paralysis muscle, there is decreased stretch reflex excitability [1] . The increase in PROM is probably due to the lack of a negative feedback loop in the stretch reflex arc. During passive wrist flexion, there is no activity in the Ia afferent of wrist extensors, leading to no contraction of the wrist extensors and no inhibition of the wrist flexors, and vice versa for passive wrist extension. Thus, during measurement of PROM in wrist flexion, the wrist extensors can be extended considerable distances. Similarly, during measurement of PROM in wrist extension, the wrist flexors can be stretched until the termination of the wrist close-packed position. In radial and ulnar deviation, the movement occurs in the intercarpal joint that contributes little to wrist motion [20, 21] . Wrist radial and ulnar deviations result from the proximal row glides on the distal row of the carpal bone [21] . Decreased muscle tone had no influence on wrist deviations, possibly because of the limitation of the gliding between the proximal and distal row of the carpal bones.
There was a significant difference in PROM in hip abduction, adduction and external rotation, but not in hip flexion, extension or internal rotation, between the sound and affected sides. The hip joint is strengthened anteriorly and posteriorly with large strong ligaments [23, 24] . Thus, a difference in hip flexion and extension PROM between the unaffected and affected sides may not be observed. The increase in hip abduction, adduction and external rotation may be due to the ease with which the femur can be moved sideways in the frontal plane and rotated round the longitudinal axis. In the affected hip, the internal rotation PROM tended to increase, although not significantly, when compared with the unaffected hip. Hip ligaments resist internal rotation more than external rotation. In addition, a number of muscles contribute to hip external rotation more than hip internal rotation [23, 25] . Thus, passive hip internal rotation seems to be restricted by ligaments and hip external rotators.
Decreased muscle tone did not significantly affect PROM in knee flexion and extension. Normally, in flexion, the stability of the knee is derived from the powerful capsule, ligaments and muscle surrounding the joint. In extension, the knee is firm because of its alignment, the congruency of the joint and the effect of gravity [21] . However, knee hyperextension has been reported in spastic paretic stiff-legged gait [26] . In the present study, PROM was measured before subjects stood, walked, or were trained in weight-bearing on the affected leg. Thus, flaccid muscles may have no influence on PROM in knee flexion and extension in flaccid hemiplegia patients who do not put weight on the knee.
Ankle muscle tone did not influence ankle PROM. However, PROM in ankle plantarflexion was increased in the affected side compared to the sound joint. The increase probably resulted from the gravitational force influencing ankle plantarflexion when supine. The average number of days from stroke onset to PROM measurement in our subjects was 8.3 days, and a footboard was not provided to prevent foot drop while supine. Thus, subjects' affected ankles were always in plantarflexion, presumably leading to gain in length of ankle dorsiflexors, which in turn induced shortening in ankle plantarflexors. It could be suggested that a footboard should be used for flaccid hemiplegia patients as soon as they are admitted to the ward. Decreased muscle tone also did not influence ankle PROM in eversion and inversion. The possible reason is that ankle eversion and inversion occurs at the subtalar or talocalcaneal joint, in which the ligaments supporting the talus limit subtalar joint motion [25] .
Conclusion
A decrease in muscle tone mainly causes an increase in PROM. In flaccid hemiplegia, increases in PROM were particularly shown in shoulder extension, shoulder adduction, shoulder internal and external rotation, wrist flexion and extension, hip abduction, hip adduction, hip external rotation and ankle plantarflexion. It is suggested that PROM maintenance in patients with flaccid paralysis should be performed carefully to avoid excessive motion range. In addition, a footboard to prevent foot drop should be used in flaccid paralysis stroke patients. We postulate that the flaccid paralysis muscle is a source of increased joint range of motion, particularly in flaccid hemiplegia.
